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The  objective  of  this  grant  was  to  study  flexoelectric  phenomena  in  solids  and 
in  biomembranes.  Over  a  three  year  period  funds  from  this  grant  were  used  to 

accomplish  several  projects  that  form  a  large  part  of  the  PhD  thesis  of  Mr.  Sheng  Mao.  In  the  first  project  we  formulated  the  governing 
equations  for  a 

flexolelectric  solid  undergoing  small  deformations.  These  governing  equations 
were  used  to  solve  for  the  stress,  displacement  and  polarization  fields  in 
several  one  and  two-dimensional  electromechanical  problems.  A  key  highlight  of 
this  paper  was  a  flexoelectric  reciprocal  theorem.  We  used  the  formulation  in 

this  paper  to  solve  for  the  electrical  and  mechanical  fields  around  point  defects, dislocations  and  cracks  in  flexoelectric  solids.  We  confirmed 
the  important  roleof  flexoelectricity  in  the  immediate  vicinity  of  defects  due  to  the  existence  of  large  strain  gradients.  A  key  highlight  of  this 
paper  was  that  we  showed  thatflexoelectricity  is  the  most  likely  mechanism  behind  electromagnetic  radiationffom  moving  dislocations  and 
cracks  in  ice.  We  also  collaborated  with  Michael  McAlpine  in  Princeton  on  several  projects.  We  studied  the  electromechanical  response  of 
neuronal  cells,  energy  harvesting  using  pyro-para-electricity  and  a  new  way  of  producing  PZT  nanoribbons  for  energy  harvesters. 
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Scientific  Progress 

The  objective  of  this  grant  was  to  study  flexoelectric  phenomena  in  solids  and 
in  biomembranes.  Over  a  three  year  period  funds  from  this  grant  were  used  to 

accomplish  several  projects  that  form  a  large  part  of  the  PhD  thesis  of  Mr.  Sheng  Mao.  In  the  first  project  we  formulated  the 
governing  equations  for  a 

flexolelectric  solid  undergoing  small  deformations.  These  governing  equations 
were  used  to  solve  for  the  stress,  displacement  and  polarization  fields  in 
several  one  and  two-dimensional  electromechanical  problems.  A  key  highlight  of 
this  paper  was  a  flexoelectric  reciprocal  theorem.  We  used  the  formulation  in 

this  paper  to  solve  for  the  electrical  and  mechanical  fields  around  point  defects,  dislocations  and  cracks  in  flexoelectric  solids. 
We  confirmed  the  important  role  of  flexoelectricity  in  the  immediate  vicinity  of  defects  due  to  the  existence  of  large  strain 
gradients.  As  a  highlight  of  this  paper  we  showed  that  flexoelectricity  is  the  most  likely  mechanism  behind  electromagnetic 
radiation  from  moving  dislocations  and  cracks  in  ice. 

Funds  from  this  grant  also  supported  our  collaboration  with  Michael  McAlpine  at  Princeton  University.  We  collaborated  on 
several  projects.  In  the  first  project  we  studied  the  electromechanical  response  of  neurons.  We  showed  that  changing  the 
potential  difference  across  the  neuronal  membrane  causes  mechanical  deformations  that  can  be  detected  by  PZT  nanoribbons 
In  a  second  project  we  studied  the  force  dependent  growth  of  neurons  in  micro-fluidic  channels.  We  wrote  a  model  based  on 
the  polymerization  of  microtubules  that  could  accurately  capture  the  force  dependent  growth  of  the  neuron.  In  a  third  project  we 
showed  how  bio-templated  PZT  nanowires  could  be  used  to  produce  currents  when  subjected  to  cyclic  deformations.  Our 
contribution  to  this  paper  was  an  electromechanical  model  describing  the  current  generation.  In  a  fourth  collaboration  we 
showed  that  when  a  BST  thin  film  is  subjected  to  cyclic  temperature  changes  then  it  can  produce  current  due  to  flexo-electricity 
Our  contribution  to  this  paper  was  to  write  a  model  for  the  coupling  of  the  large  strain  gradient  in  the  thin  films  to  the  charge 
separation  accross  it,  and  an  analysis  of  the  convective,  conductive  and  radiateive  heat  transfer  that  causes  the  transient 
heating  and  cooling  of  the  film  resulting  in  the  flow  of  electrical  charges.  We  also  wrote  a  review  paper  in  Advanced  Materials 
summarizing  nanoscale  flexoelectricity. 
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